the polarization diagram is constructed at artificially applied potential difference between steel (or steel in concrete) and reference saturated calomel electrode (SCE) as standard in an aqueous solution, when measuring the current density in the electrical circuit closed through relevant solution, and platinum auxiliary electrode. Thus, three-electrode measuring system is established (working electrode -measured steel, reference electrode -SCE; auxiliary electrode -platinum). The electrochemical potential is defined in [3] as a measure of the ease of electron charge transfer between the steel and the cement paste pore solution; it is a property of the steel/concrete interface and not of the steel itself. It could be measured either the change of the current density in the dependence on the change of the potential (potentiodynamic method, voltammetry), or the change of the potential depending on the change of the density of the current passing through the sample (galvanodynamic method, amperometry). The polarization diagram comprises of an anodic and a cathodic part. Due to the dissolution of steel the attention is paid more often to the anodic curve.
The pH value of the real pore solution is between 13.0 and 13.5 for intact concrete, hence the anodic half-cell reaction could be described (considering the Pourbaix diagram [3] ) as: ,
, (2) and the origin of iron oxides Fe 3 O 4 and Fe 2 O 3 (or hydroxides of these compounds) could be expected. They will develop a protective -passive layer on the steel surface, which will inhibit the corrosion by the diffusion barrier. The dependence of current density on the change of potential is schematically depicted in Fig. 1 [5] . With the progress of anodic polarization (from E eq -equilibrium potential) the increase of current will be registered in the initial part of the diagram (AB), resulting contemporary in the creation of passive film. It is referred as an area corresponding to active region (up to critical primary passivation potential E pp [6] and critical current density i crit ). After transition region (BC), characterized by the decrease of current density by increasing the potential, the impeded access of media to reinforcement will be reflected in a nearly constant magnitude of current density (i p ) at increasing potential, called as the passive region (CD) [7] . The most negative potential in this state is called the Flade potential E F [5, 6] . The passive current density i p is a measure of the protectiveness of the created film and decreases with the increase of the pH value. The subsequent increase of current could be caused by localized breakdown of the film by e.g. chloride ions, eventually leading to formation of pits. This occurs at the critical breakdown or pitting potential E b (D). If the breakdown of the film by aggressive anions does not occur, the increase of anodic current will occur along the curve FG -corresponding to oxidation of metal at formation of soluble ions (transpassive dissolution) and eventually to release of oxygen in given system. The onset of the secondary passivity may be observed in some cases. The course of the potentiodynamic diagram is not always regular as visible in Fig. 2 [8] , hence the shape alone may not be sufficient to identify the ongoing processes and the quality of the environment. It is especially in cases where it is not possible the mutual comparison of results, as it is e.g. at artificially designed experiments with continuously changing parameters. Therefore numerical models based on real parameters are required for the reliable characterization and assessment. 
Numerical models of potentiodynamic diagrams
The dissolution of metals by transfer of current is quantitatively described by Faraday's laws of electrolysis [9] . The amount of dissolved metal m (g) at an electrode is expressed as:
, (3) where Q is the total electric charge (C) passed through the substance, F the Faraday constant equal to 96 485 C.mol -1 , M is the molar mass of the metal (g.mol -1 ) and z the valency number of ions of the substance (electrons transferred per ion).
At constant current I (A), Q = I.t, (t is the transit time):
.
After immersion of the metal electrode into a solution of its own ions an equilibrium potential E eq will be established. It is expressed by the Nernst equation: ,
where E o is the standard half-cell (reduction or oxidation) potential, R is the universal gas constant 
The standard half-cell potential characterizes the nobility of the metal. Positive potential corresponds to noble metals, resistant to corrosion (for gold E o = 1.56 V), in the direction to negative potentials there occur base metals (for iron E o =-0.44 V). Because the potential of an electrode could not be measured separately, there is measured the potential difference to a standard electrode with defined zero potential (usually Standard hydrogen electrode -E SHE =0 V), mutually connected with a salt bridge (saturated solution of potassium chloride).
The dependence of the electrode current I on the potential, if both a cathodic and an anodic reaction occur on the same electrode is described by the Butler-Volmer equation:
,
where (in addition to previous) i is the electrode current density defined as the ratio of the electrode current I (A) and the electrode active surface area (m ), defined as the current in the absence of net electrolysis and at zero overpotential, E the electrode potential (V), E eq the equilbrium potential (V) and α a (α c ) the anodic (cathodic) charge transfer coefficient (dimensionless). The difference E -E eq is called as activation overpotential and is denoted as ƞ. Eq. (6) represents a total current -sum of anodic and cathodic currents. The course of respective polarization diagrams is in Fig. 3 [9] . At equilibrium potential E eq the exchange current density corresponds both to anodic and cathodic polarization curve. Change of the equilibrium will result in a new state. If the overpotential ƞ > 0 the anodic reaction will predominate and the metal will dissolve. The extent of the potential change (V) caused by the net current at the electrodes is termed polarization [10] . The polarization could be caused by activation, concentration (differences of concentration of the reactive substance at the surface of the electrode and in the solution) or Ohmic potential drop, due to electrical resistance of the electrolyte between electrodes. At the anodic polarization at steel corrosion in concrete structures the anodic polarization is the only cause [11] . Fig. 3 : The course of polarization curve of steel in the vicinity of equilibrium potential E eq [9] .
In the low overpotential region (E ≈ E eq ), called as polarization resistance (formal similarity with the Ohm's law), the Butler-Volmer equation for an anodic branch simplifies to a linear form: ,
and in the high overpotential region, for an anodic reaction (E >> E eq ), to the 
where index a means anode and β a is the Tafel slope (V), usually measured experimentally or defined as:
The numerical value 2.303 represents the transfer between the natural and common logarithms. The inverse relation of Eq. (8) is the Butler-Volmer relation for the anodic reaction (Eq. 6 is written for both anodic and cathodic reactions):
It should be emphasized [12] , that the currents measured during polarization (influencing the shape of the polarization curve) are the function of the transfer of electrons at the electrode/electrolyte interface (charge transfer controlled current), so as of the movement of reactants or products at distances close to the electrode (mass transport controlled current). Only the pure charge transfer controlled current could be accepted as a base for true Tafel data.
After the discontinuity of the polarization curve between the active and passive region (Flade potential [13] ) the charge transfer is controlled by the diffusion barrier of the passive layer. Based on their structure, the films are divided into two groups [5] -discontinuous and continuous. The first one, formed at potentials close to the equilibrium potential, is porous and has a low protectiveness. The continuous film has a high resistivity and a maximum thickness of approximately 10 -3 mm. Various models have been created to explain the growth, structure and operation of oxide films. They could be subdivided into two categories -models explaining the electric properties of passive films by their composition and structure and those emphasising the transport of mass and charge in the film [5] . To the first group belong the semiconductor models [14] (metallic conductivity of the inner Fe 3 O 4 layer of the film and semiconductor or insulator behaviour of the outer Fe 2 O 3 layer) and chemi-conductor models [15] (single phase insulator influenced by oxidative and reductive changes of the valence state). The methods of the second group differ by the consideration of the electric field strength in the oxide film, what is reflected in the mathematical treatment of the transport. The high-field model [16] supposes, that the driving force for the transport of charge carriers in the film is a high electric field. In the Mott-Cabrera model [17] , it is assumed, that the film growth is due to the transport of metal cations across the oxide film and the following reaction with the electrolyte. The transport of the moving species at the Vetter-Kirchheim model [18] is expected either by a cation vacancy, an anion vacancy or an interstitial cation mechanism. Model for the impedance response of passive films on transition metals and alloys [19] assumes both the charge transfer reactions at the interfaces and the transport of ionic species in the film.
One of the most recognized is the Point Defect Model (PDM) [20] . It is based on the assumption, that the oxide film contains point defects -cation and anion vacancies, electrons and electron holes. The transport of charge carriers is mutually independent and the transport of ions is described by the Nernst-Planck equation. Further modifications of PDM relate to the possibility of metal cations to contribute not only to the metal dissolution, but also to the film growth, so as the inclusion of the adsorption of water molecules at the film/solution interface in the model. The Mixed Conduction Model (MCM), presented in [5, 21] , is based on the features of PDM. It is assumed, that the electric field strength in the film is homogeneous and independent on potential, while the film thickness is proportional to the applied potential. The high-field approximation is used for the transport of ionic species at room temperature. The transport equation could be written as:
, (11) where (in addition to previous) J o is the flux of oxygen vacancies in the film (mol.cm the film at the metal/film interface and L the oxide film thickness (zero value corresponds to film/solution interface). The local electric conductivity is linearly dependent on the local ionic defect concentration. The scheme of processes during the transpassive dissolution is presented in [22, 23] .
Parameters of potentiodynamic diagrams from experimental results
The models, referred to in the previous, based on physical parameters, provide the possibility to express realistic the processes associated with corrosion of steel reinforcement in cement composites. It is therefore essential to focus on description of changes by use of first and second order derivatives of current density according to the potential. An example of potentiodynamic diagrams of steel reinforcement in extracts of mortar samples at the polarization rate 30 mV.min -1 (40 cycles) with different content of calcium chloride in mortar by % of cement weight [8] is presented in Fig. 2 . The mortar was composed from cement and silica sand in proportion 1 : 3, the w/c was 0.6 and the content of calcium chloride in mortar (added to the mixing water) was 0, 0.5, 0.75, 1, 1.25, 1.5, 2, 3 and 4 % of cement weight. Dried sample of mortar (at 105°C) after 40 cycles of curing was crushed and ground in, so that no rest remained on the control sieve 0.200. The material was mixed with distilled water in the proportion 1: 4 by weight and it was leached for 6 hours at the temperature of (25  5)°C. Every hour, the suspension was intensively shaken for 5 minutes and finally filtered. Subsequently the steel specimen, treated with sandpaper and degreased with acetone was immersed into the prepared mortar extract. Potentiodynamic measurement started after stabilization of steel potential.
Plotted dependences (current i vs. potential E) for calcium chloride content of 0%, 1.5% and 4% from Fig. 2 [8] were approximated by polynomials, from which the first and second order derivatives were determined. As could be seen in Fig. 4 distinct limits of zero retardation could be observed. In the region of passive state the interval of zero retardation is bordered by lower and upper limits of zero retardation. As expected, at the calcium chloride content of 0% it is more extensive comparing with the course belonging to content of 1.5%. At the content of 4% the upper and lower limits merge into one point, and the width of the interval is zero. The following limit of zero retardation is located in the transpassive region and represents additional important information about ongoing processes.
The obtained knowledge and experiences could be applied to a more detailed study of influences of accidental situations, e.g. exposition to fire [24] , various types of overloadings [25, 26] , degradation effects at the failure of a nuclear power plant, leakage and diffusion of aggressive media [27, 28, 29] and carbonation [30] as factors influencing the steel reinforcement corrosion in a given environment. 
Conclusions
The first and the second order derivatives of potentiodynamic diagrams represent very sensitive tools for the detection of ongoing processes at the investigation of corrosion of steel reinforcement in concrete.
Especially the limits of zero retardation and intervals of zero retardation seem to be very suitable for practical diagnostic.
The expression of presented diagram characteristics by physical parameters allows more concise assessment of effect of environment on corrosion behaviour of steel reinforcement.
More results, especially with regard to the variation of polarization rate, are necessary for creation of exact conclusions, applicable in the practice.
